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Forword

The systematic study of the physical of the Norwegian Sea
effectively began with the work of Helland-Hansen and Nansen. During the
years 1900-1905, they repeatedly took hydrographic measurements along
a section running in a northwesterly direction from the mouth of Sognef-
jord. This section, which spans the Norwegian Atlantic Current, is com—
monly known as the "Sognefjord Section." Since the initial study of Helland-
Hansem and Nansen, other investigators have repeated the section at irreqular
intervals.

This data, collected along and in the vicinity of the Sognefijord section dur-
ing 1900-1970, were assembled and edited. This repopt presents these data
in a useful format.

R. P. Onorati, Captain, USN
Commanding Officer, NORDA
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Executive summary
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in a northwesterly direction from the entrance to Sognefjord (the *‘Sognefjord
Section’"), has been repeated at irregular intervals from 1900 to 1970. This
atlas presents the temperature and salinity data obtained during that period.
For each of 55 sections, the station positions, the temperature-salinity diagrams,
and the contour plots of temperature and salinity are presented.
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Atlas of Sognefjord Sections 1900-1970

Introduction

Between 1900 and 1905, Helland-Hansen and Nansen
(1909) conducted one of the most extensive studies of the
physical oceanography of the Norwegian Sea. During this
period they performed hydrographic measurements along
a section that began near the entrance to Sognefjord and
ran northwestward every May from 1901 to 1905, This
section was numed the **Sognefjord Section.™

Since then, this section (or sections near it) has been
repeated at irregular intervals. After the first intensive
field study. from 1900 to 1905, no further sections were
made until 1914, World War I prevented further studies,
and no more sections were made until 1925, The Sognef-
jord section was repeated in 1925, 1927, 1928, 1929,
1932, 1934, 1935, and 1930. An 11-year hiatus was part-
Iy due to World War 1. The sections were continued in
1947 and were made annually until 1993. They were con-
tinued annually from 1957 to 1962 but have since been
sporadic.

These data have never been assembled and presented
in a systematic manner. Most of the data from these
repeated sections have been assembled and are presentey
in this atlas. The period covered is from 1900 to 1970,

Data sources

The early data from 1900 to 1904 were copied from
Helland-Hansen and Nansen (1909), where they are listed
in an appendix, and from the Bulletin des resultats aquis
pendant les courses periodiques, Copenhagen, 1902 to
1904 (this later became the Bulletin Trimesteral and the
earlier data may be found under that title), published by
the ICES. The data from 1914 to 1953 came from the
original data sheets of the Geofysisk Institutt, Univeristetet
i Bergen, with the exception of the 1935 and 1936 data,
which had already been punched on computer cards and
published (Mosby, 19664, 1966b). The data from 1957
to 1962 has been published in the ICES Data Lists for
those years, and these and other data were obtained in
punched card format with the assistance of Herr Reidar
Leinebg of the Norsk Fiskeridirektorat/Havforsknings-
institutt in Bergen.

Helland-Hansen (1934) described in great detail the
Sognefjord sections from 1925 to 1929. These and the
sections made between 1932 and 1949 were discussed by
Scheldrup (1954). The data from 1935 and 1936 were
discussed in detail by Mosby (1970), and the data from
1947-1953 were discussed in detail by Saelen (1959).

Data quality

All the data were taken by Nansen bottle casts. As such,
the data quality is similar to other data taken during the
early to mid-twentieth century. The temperatures are prob-
ably accurate to 0.01° to 0.02°C, and the salinities are
estimated to have systematic errors of less than (.02 ppt
(Helland-Hansen, 1934). Between 1949 and 1963, the 95%
confidence limit on titrations for salinity was 0.015 ppt
(Leinebg, 1971). In August 1961, Mohr's method (titra-
tion) was replaced by an NIO salinometer at the Geofysisk
Institutt (Mosby, 1964).

The depths of Nansen bottles were determined by com:
paring the reading of protected and unprotected revers-
ing thermometers. Often, the depths were determined by
reading the wire-out indicator on the winch. The wire
angle was not often taken nor was the depth corrected
by means of the unprotected thermometer. The usual prac-
tice was to use an unprotected thermometer only on the
deepest bottle. Therefore, errors up to 20 m may be en-
countered. The only statement that can be made conser-
vatively is that when errors do occur, they will appear
as reported depths deeper than the true depths.

By far, the greatest source of error in these
measurements is the ship’s position. Until recently, the
ship's position was determined by celestial navigation and
dead-reckoning. Under good conditions (e.g., a calm sea,
anchored ship, and clear weather), the accuracy of a sun
fix taken by an experienced observer was on the same
order as the LORAN-C fixes (Biskopshavn, private com-
munication). However, in the Norwegian Sea, it is not
uncommon to have the sky obscured by clouds for long
periods. The following illustrates the amount of error that
can occur under the conditions present during the collec-
tion of Sognefjord section data:




The lack of observations in the winter is mainly due to the
very bad weather at sea. which generally makes it impossible
to obtain trustworthy observations, and in any case makes the
work very difficult. Moreover, when it is dark and stormy,
the determination of one’s position will in most instances be
very doubtful. This was especially the case during the February
cruise in 1903, when, one occasion it was impossible to decide
whether Jan Mayen was actually visible from the ship (in the
ice), or, according to the ship's journal was more than one
hundred miles to the nosth. In November. 1903, when the
investigations were being made on board the fishery steam-
boat ASK. the Faeroes were suddenly seen through the dark
atmosphere: but according to our dead reckoning, the islands
at the time were supposed to be some sixty miles to the south.
As this November cruise. however. only occupied 10 day-
with the touch at the Faeroes to keep vur beurings right, the
positions of the stations on this cruise may be considered to
be fairly trustworthy, the probable error not exceeding 20 miles
at the most (Helland-Hansen and Nansen, 1909, p. 24).

After the summer of 1957, LORAN-C wus used. The
accuracy was assumed to be between 300 and 500 meters
(Biskopshavn, private communication). From 1961 until
at least 1974, Decca navigation was used, which provid-
ed 6'm accuracy along the baseline.

Data processing, interpolation,
and plotting methods

The data were transcribed from the punched cards to
disk and tape on the UNIVAC 1110 at the University
of Bergen. The obvious errors in temperature and salini-
ty were edited from the data set. The data were written
to tape, and final processing was done on « VAX 11-750
at NORDA.

The sections were plotted using the contouring routine
from the DISPLA plotting package. Before this routine
could be employed, the data had to be registered to a
uniform grid. The stations were first sorted for increas-
ing longitude. The variable to be plotted was then inter-
polated at each station to a uniform grid in the vertical,
and the variable at cach standard vertical level wus then
interpolated to a uniform horizontal grid. Where no data
were available for the deeper layers, a constant value of
— 1.0°C and 34.90 ppt was set at 1500 m. The bottom
contour was obtained from the values punched on the cards
if present, or estimated from bottom charts if not present

on the original data cards. The interpolation method used
was a local cubic fit (Akima, J972).

Because of the use of a historical value for the deeper
waters, some of the contours in the very deep water are
not representative of what we believe to be the true situa-
tion. Also, some of the bottom contours do not appear
to be representative of the actual bottom. The data used
were the best available, but the user of this atlas should
be aware that errors may have been made in collecting
or transcribing the data, and the decp temperature and
salinity contours and the bottom contours should be used
with caution.
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Figure 2. May 1900 temperature/salinity diagram.
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Figure 5. January 1901 station positions.
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Figure 6. January 1901 temperature/salinity diagram.
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9




SOGNEFJORD SECTION
FILE = ICES$ 1901CJA DAT ]
TEMPERATURE

7

230.0 30'0 0
DISTANCE - KILOMETERS




i SOGNEFJORD SECTION
FILE - [CE55$ 1901CJA DAT |
SALINITY

>
2
(]
N
o
S}
—
€3}
¢ =
: |
N o n
. =
2B
=2
* -
1 jog
{ 3 |
=
",
i
]
|
)
2
e

L]
00 1000

iadeil,

DISTANCE - KILOMETERS

Figure 8. January 1901 salinity section.
10 |




SOGNEFJORD SECTION
FILE - [CE§ 1301CJA DAT L
SALINITY

DISTANCE - KILOMETERS




TR Y

[

ICES$:1901EMA.DAT

Figure 9. May 1901 station positions.
11




-

SOGNEFJORD SECTION
FILE = ICES$:1901EMA DAT
T/S PLOT

15.0

GC
9.0

TEMPERATURE, DE

3.0

1.0

7.0

5.0

-1.0

48

349 35.0 35.4 5.2 35.3
SALINITY PPT

Figure 10. May 1901 temperature/salinity diag

12

\J
35.4



—— — —— —— —me—— a———

DEPTH — METERS

5000

10000

1500 0

- — 290
1.0 - — 1.0
00—
//
I 00
T
00 1000 G
Figure 11. May 1901 temperature section
13
.‘ P .




SOGNEFRJORD SECTION
FILE < ICES$ ISU1EMA DAT |

_

_

cee
CISTANCE - KILOMETERS




DEPTH - METERS

500.0

15000

10000
i

0.0

'
1000

2000
Figure 12. May 1901 salinity section
14
s po seaesssssssesssssenthsem—————————n




e

T ——— —g———

FiLE = [ICES$ 1901EMA DAT L
SALINITY

SOGNEFJORD SECTION

R
—_——

—35 00 ===

= 3520~

——

3510 T.;_‘.

i

5000

4000

SRSeRY

PISTANCE - KILOMETERS




e~ —— e ——

ﬁi *LIL‘

4

\‘iﬂ /‘\\

Lin

7
~,

$ 100,

th

QD

e

Figure 13 May 1902 station positions.

15




SOGNEFJORD SECTION
FILE = ICES$ 1902HMA DAT
T/S PLOT

TEMPERATURE, DEG C
7.0 8.0 11.0 130 15.0

50

-1.0

y—

34.8 348 350 351 352 35.3
SALINITY PPT

Figure 14. May 1902 temperature/salinity diagram.
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Figurs 18. August 1902 temperature/salinity diagram.

SOGNEFJORD SECTION
FILE = ICES$:1902AUG.DAT
T/S PLOT

21

) N

- ' e .i..a

.s °, e § 'e.-.

ve . ..n : .;-l: :... ofe
(bow b4 3 '-:. % o’ :'
5 R Pt
fli ¢ * ! * i'.:::' *
.| : S
< J
[+ . X3
%]
o .
2o : ° .
4 e
& « .

. .

n"l .

5 .

d 34.8 34.9 35.0 as.t 35.2 38,3 35.4

55



DEPTH - METERS

00

5000

10000

SOGNEFJORD SECTION
FILE = ICES$ 1902AUG DAT |
TEMPERATURE

75 74

100 100

00 1600
DISTANCE — KILOMETERS

Figure 19. August 1902 temperaturs section.
21

L



DEPTH - METERS

SOGNEFJORD SECTION
FILE = [CES$'1902AUG DAT L
SALINITY

75 74 72 71

00

5000

106000

00 l(;()O
DISTANCE — KILOMETERS

Figure 20. August 1902 salinity section.

22




BRSNS ~




150

130

TEMPERATURE, DEG C

1.0

-1.0

SOGNEFJORD SECTION
FILE = ICES$:1903FEB.DAT
T/S PLOT

i1.0
i

9.0
"

7.0

5.0

34.8

3s.1 35.2 35.3

SALINITY PPT

ass

Figure 22. February 1903 temparature/salinity diagram.

24




B2 W VPR N R

J2L00 1 1 X

SO0 0

16000

15000

—y L4 T e T =~ - r—— —

© ] 4

i I [

/_,___,__—-»30 0 —
\30 \30 \30 e L. et
e . oo e
20 <0

QT

Po—

oV
// Q Q
/ 0.0
- 00
00
Q
| ©
T T !
00 1000 200.0 J0U
Figure 23. February 1903 temperature section. Di
25
/ ,

;4‘ o — _ —_



— 4

p—

SOGNLEFIORD SECTION
CILE = [UESe 190, VEB DAT L
TEMPERATURE

JC;OO
DISTANCE - KILOMETERS

| —

|




L g




-

o

2000

1000

Figurs 24. Februery 1903 salinity section.

00

a9

T
000

SYILANW — H1d3Ad

1
00001

000S1

y




F " b - v -~ o
‘

SOGNEFJORD SECTION
TILE = iCE<$ 190 FRB DAT
SALINGTY

2

3800
DISTANCE — KILOMETERS

- - — _ . e






g

[CER$:1903LMADAT

Figure 25. May 1903 station positions.

27




i

R 4 -

SOGNEFJORD SECTION

FILE = ICES$:1903LMA.DAT
T/S PLOT

TEMPERATURE. DEG C
7.0 9.0 11.0 13.0 15.0

5.0

3.0

-1.0

4.9 ! 3s.1 35.2 '35.3
SALINITY ePT

Figure 26. May 1903 temperature/salinity diagram.

35.4

35 L



etsdin. b

ey

_ - iy

RS

\

i

. L e cw an .-'-————W

———— o o e e ot —— et ———

1)

wt

SOGNEFJORI
FILE = ICES 19
TEMPER?

8 6 5

\
o /
T N .
0 U 100.0 2000 .
Figure 27 May 1903 tempesature section DISTANCE -

/







1000
Figure 28. May 1903 salinity section.

30 /

r i ——— - - —
»
/
' ) . M
. SOGNELFIOt
FiLl = WE. 3
SAL
4
; 10 " [3 5
Yo ' |
| i i S;U_“__ .
—— e o0 ‘5 l(':\ <-> U
’ —— A 4 L T P
B 2500 D0~ 0 T~
15 2 o
)OU\\O oL T —
OO e e .,
=)
)
8 4
[\e]
N
ot
€3}
| o
=3
=
|
I
=
oW
€3]
[
)
)
S 4
1
)
)
S
e!
el T T
00 =000

DISTANCE



SECTION
CLMADAT |
LY

Va . u e - ’
e 3 P s
S A A A / v

L Ty P
/‘/, s
g ;;/ /3;;/ S
7 S

S/

>/
e /4/

s
/ // / y

. ’/' / "/ ,
Vs

s
; s
/// /_/‘ ) ,/, ,/, //

LOMETERS

Z
7

e
e
/
T




— v
[CES$:1903NOV.DAT
P
¥
%
g
&
&
gl
., 9§
10° w e 5"'w \
0

Figure 29. November 1903 station positions.
31




SOGNEFJORD SECTION
FILE = ICES$:1903NOV DAT

T/S PLOT
(=]
k<t
o
(2-
<
a4 . L
%] 0o « ¢ * 3 Booe o3%e
=) s ® o, ® °. ot YT P
: ¢ 0 L [}
g .. [ ] . [} :."
o2 feee . LI Pl
g T
[+ 43 . .'.. LY .
<3 .
" o * .
:O L e
ok o o ¢
L ]
.e .
o -t
' L
o * 0 LY
(-} 'o . .0
- . .
hd L]
LYY
<
" 34.9 3%.0 a8t 352 3% 3 35 4
SALINITY PPT
Figure 30. November 1903 tempersture/salinity diagram.
32
_— A -

35%



DEPTH — METERS

1000.0

1500.0

5000

—

2

0.0

1
100.0

DISTANCE - KILOMETER

Figure 31. Ne

ber 1903 temp "

33

e 4 P —— g - P g— ——r—u
|
1
{
SOGNEFJORD SECTION

FILE = ICES$ 1903NOV DAT L !
TEMPERATURE ‘
4 2 1 1

= |

o




DEPTH — METERS

00

1500.0

SOGNEFJORD SECTION
FILE = ICES$ 190.'NOV DAT |
SALINITY

5000
L

1000.0
1

00 1030
DISTANCE ~ KILOMETERS

Figure 32. November 1903 salinity section.

34




10° W

ICES#: 1904 BMA DAT

Figure 33. May 1904 station positions.

35

20 B




TEMPERATURE, DEG ¢

SOGNEFJORD SECTION
FILE = ICES$:1904BMA DAT

Lo

T/S PLOT
o
W
=
=
~ 4
e
=
o @
g
<
L]
[ ]
L]
R
© . o Blele
~ °. ":voo
e @ ® Y '
@ .
° . e
]
2 ST
e
® L]
o L]
Pe
.
.
L ]
LI
°l° * v ®
-
ee®,
.,
!
T v L] L] Ll T
34.8 34.9 35.0 as.1 35.2 35 3

SALINITY PPT
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Figure 61. August 1933 station positions.
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Figure 73. July 1933 (data set #3) station positions.
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Figure 85. July 1935 (data set #6) station positions.
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Figure 177. August 1952 station positions.
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Figure 197. January 1960 station positions.
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Figure 209. November 1967 (G.O. SARS) station positions.
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Figure 210. November 1967 (G.U. SARS) temperature/salinity diagram.
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